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Why measure CKM ~?

Tree-Level Direct Measurement

Loop-Level Indirect Measurement
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» ~ measurements have negligible theoretical uncertainty as hadronic parameters determined in data
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Measuring v at LHCb 2

LHCb ¥ Combination

— [ ]
Ll) -. B° LHCb 1
- r * Preliminary -

0.8 0 & October 2022—

0.6F

0.4

0.2

v [°]

LHCb-CONF-2022-003

Seophine Stanislaus CKM 2023 18t September 2023



Measuring v at LHCb

Interference of b — ucsand b — cus

Vub




Measuring v at LHCb |4

Ecar HCAL
SPD/PS M3
RICH2 M2,

T
T2

B — DX decays: selectsignal using displaced B and D vertices and PID
Using VELO, tracking system, and RICH detectors
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Measuring v at LHCb

Combining results from different final D states is important forimproving sensitivity
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Focus of this talk: D — hTh=(hTh™)
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[D— th*h* will be covered tomorrow]

B* modes have high yields = exhausting what can be done with them
Focus will be on a new result from B° mode today



New Results: B® — DK*Y(892)

Measurement of y using BY — DK*°(892) with K*°(892) — K r~
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2 and 4-body D final states
Superseding LHCb measurements using Run1and 2015-2016 data' corresponding to 4.8fb !

K from K*° tags flavour of B at decay = time-integrated measurement with no B® — B? mixing
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Coherence Factor
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Coherence factor, x, accounts for non-resonant contributions to the B decay

Kk = 0.958T
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0.0054-0.002
0.010-0.045

from Phys. Rev. D 93,112018 = using same K *° selection
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GLW-like Decays

> CP-eigenstates or modes with significant CP contentso Ap ~ A

» Eg D K"K~ D—ntn ,D—natoatn™

» rpanddp are ratio of B amplitudes and strong phase difference between them
» Interference and therefore sensitivity toy o« 7

» For B — DK*0: rg =~ 25%
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GLW-like Decays
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I'(B° = [hth~]pK*0) + T(B° — [hTh~|pK*0) B(D° — K—nt)

Rep = — —
or [(B® — [K—7+]pK*0) + T(B — [K+n~]pK*0) B(D? — h*th~)
B 1+ 7% + 2rpr cos(dp) cos(y)
1471372 + 2rprprcos(0p — 6p) cos(y)
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Results: Control Mode (D — K) NEW!

Fit to m(DK ) reconstructed mass for each flavour of each D final state
Signal peak shown by red line
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Asymmetry Corrections
Ideally asymmetry only due to interference but also from:

Production Asymmetry

» Determined in Phys. Lett. B774 (2017)139: Apod = (—8 £ 5) x 1073

Detection Asymmetry

» Use difference in detection asymmetries for kaons and pions
> Estimated from calibration data: D* — K~ 777t and D* — Kr"
> Weighted to match signal kinematic distributions: Ager = (—9.8 £5.5) x 1073



Efficiency Corrections
Most efficiencies cancel since CP observables are ratios

Selection Efficiencies
» Apply selection to simulation to determine efficiencies

Charge-dependent PID efficiencies
» Estimated with calibration data for kaons and pions from D* decays

» Weighted to match kinematics of signal decays in simulation
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Results: GLW Mode (D — KK) NEW! |:
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Green peakis B, — DK*? background, orange is partially reconstructed B, — D* K*°

B, — DK*Cis a useful background for cross-checks since negligible interference

AKE = —0.047 £ 0.063 & 0.015

REK —  0.817 4+ 0.057 +0.017
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Small asymmetry

R close to 1 if effect of interference is small
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ADS Decays

» Doubly-Cabibbo suppressed decays
» Eg D+ K ", D—a"K ntgat
» rpanddp are ratio of D amplitudes and strong phase difference between them

» Maximal interference due to similarly sized amplitudes

—idp

DOK* Drpe
/ K*O
m DO /

B



ADS Decays 15

DOK*C DrDe #p
/ K*O
m DK /

_T(BY— [rtK~]pK*0) 1%+ 1} +2rprprcos(dp + 6p +7)
I(B° — [K+n—]pK*0) 1+ rgrd +2rprprcos(dp —6p + )

I'(B® — [x~Kt]pK*%) B 1% + 12 + 2rgrpr cos(dp + 6p — )
- T(B° — [K—7t]pK*0) 1+ %1% + 2rprpr cos(dp — 0p — 7)

Seophine Stanislaus CKM 2023 18" September 2023



Results: ADS Mode (D — 7K)

Seophine Stanislaus
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R, =0.069 £ 0.013 £ 0.005
R, = 0.093 £ 0.013 £ 0.005

Leading order: R* ~ r2. Large R* imply larger rp and increased sensitivity toy in GLW mode
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Multi-body D decays

GLW mode: D — wrrm

» 2-body modes: CP -eigenstates so the CP-even fraction, F\y =1
» D — mwrrme: significant CP-even fraction, F.y = 0.735 4 0.015 4 0.005 (Phys. Rev. D106, 092004)
» Alters CP observables. E.g.

A — 2rpr(2F — 1) sin(dp) sin(7y)
P T T+ 2+ 2rgrcos(dp) cos(v)

ADSmode: D — nKnm

» Decay rates include coherence factor, Rx3, = O.44f8:(1)8 from JHEPO5(2021)164
» Reduces interference by about factor 2 due to intermediate resonances in D decay

> Eg.
(B — [K 7 a7 | pK*®) oc 15 + r% + 2rprpk Rics, cos(dp + 6p — )



Results: GLW Mode (D — mrm) NEW!
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Results: ADS Mode (D — wKn) NEW! |
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Results: CP Observables

In general:

» Statistical uncertainties:
> Improves by 60% compared to previous analysis (increased signal yield)

» Systematic uncertainties:

> Dominantsource in GLW asymmetries: asymmetry corrections
> Dominantsource in GLW ratios: branching fractions
> No dominantsource in ADS modes

Analysis is statistically limited



Results: ~y

Interpret asymmetries and ratios in terms of physical observables?
Four-fold degeneracy: (vy,dp5) — (0p,y)or (m — v, m — dp)
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Results: ~y NEW! |2
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Results from B® — [KOh™h~] p K*° will break the degeneracy
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New Results: B* — Dh*, D — Knnm

Inclusive D — Kmmm modein B — DK*0 analysis
In B¥ — DK™ greateryields so can be more ambitious
Sensitivity to vy improved by splitting phase space into bins where coherence factor is larger
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Binning Scheme |24
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Results | 25
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Uncertainty from external inputs > statistical uncertainty = hope to see updates from BESIII to improve this
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Conclusion
» LHCb has surpassed its target precision of 4° for y
» Otheranalyses in the pipeline - notjust ADS/GLW

» Also Run 3 results to look forward to

» Other LHCb ~y talks this week:

> Time-dependent measurements: Quentin Fuhring @ 9:20am tomorrow
> D — KZhTh™ final states: Innes Mackay @ 9:40am tomorrow
> ~uncertainties: Alex Gilman @ 5:55pm tomorrow

Thank You!



